Abstract
faults and of Shockley partial dislocations after hydrogen loading. The hydrogen induced 23 defects affect the elementary plasticity mechanisms and the mechanical response by acting 24 as preferential sites for twinning/detwinning during deformation. These results are analyzed 25 and compared to previous experimental and simulation works in the literature. This study 26 provides new insights on the effect of hydrogen on the atomistic deformation and cracking 27 mechanisms as well as on the mechanical properties of nanocrystalline thin films and 28 membranes.
I. Introduction 36 37
Owing to its fast and reversible hydriding kinetics, palladium (Pd) is an ideal model system to 38 study the effect of hydrogen (H) absorption. This is essential for hydrogen energy 39 technology, one of the cleanest alternatives to fossil fuels as well as for purification and 40 sensing applications. Pd has a high sensitivity and selectivity with respect to hydrogen and 41 can release hydrogen at room temperature 1,2 . Recently, nanocrystalline (nc) Pd thin films 42 have been widely used in hydrogen applications because of large surface and subsurface site 43 densities and of the presence of a high fraction of grain boundaries (GBs) which can facilitate 44 2 the hydriding process 3,4 . However, these layers must be thin enough to ensure high 45 hydrogen permeability while remaining mechanically sound and sufficiently ductile 5, 6 .
47
The crystalline structure of Pd is face centered cubic (fcc), also referred to as the α-phase. 48 Interstitial hydrogen atoms occupy part of the octahedral sites of the α-phase. During 49 hydriding, as long as the H/Pd ratio stays below α SSmax ~ 0.02 (atomic ratio) at room 50 temperature, the fcc α-Pd lattice parameter can expand from 3.889 Å to 3.895 Å. When the 51 H/Pd ratio reaches 0.02, the so-called β-phase appears with a lattice constant near 4.025 Å.
52
The β-phase exhibits an fcc structure as well. The two phases coexist up to a ratio H/Pd β SSmin 53 ~ 0.58 at which the α phase entirely disappears. The initial volume of the Pd structure 54 expands by about 10% when the H/Pd ratio reaches a value close to 0. introducing an ultra-pure Ar/H 2 gas mixture to impose a total pressure of P H2 = 2.3 mbar or 109 P H2 = 97.5 mbar. As such, the samples were completely hydrided to either α or β phase, . After a few weeks, in order to study the effect of these hydriding induced defects on with a low reliability (<10%) and smaller than 15 pixels were removed from the analysis. following the Brandon criteria for Σ3 {111} CSL boundaries 28, 29 Indices 2 and 3 in Figure 3a and Figure 3b show the disappearance, after deformation, of 
